Background. The frequency of erectile dysfunction (ED) complicating diabetes mellitus (DM) is reportedly high. However, its risk factors have not been well studied. Methods. This was a cross-sectional study of 160 male type 2 DM adults, aged 30-70 years, attending a tertiary healthcare clinic. Demographic and relevant clinical information was documented. Erectile function was assessed using an abridged version of the International Index of Erectile Function (IIEF-5). All subjects were evaluated for central obesity, glycemic control, peripheral arterial disease (PAD), autonomic neuropathy, dyslipidemia, and testosterone deficiency. Results. 152 (95%) patients with a mean age of 60.3 ± 8.8 years completed the study. 71.1% had varying degrees of ED, while 58.3% suffered from a moderate-to-severe form. Independent predictors of ED [presented as adjusted odds ratio (95% confidence interval)] were longer duration of DM, 1.14 (1.02-1.28), PAD, autonomic neuropathy, poor glycemic control, and testosterone deficiency,. Conclusion. The prevalence of ED and its severe forms was high in this patient population. Poor glycemic control and testosterone deficiency were the strongest risk factors for ED, making it possibly a preventable condition.
Introduction
Diabetes mellitus (DM) is a chronic metabolic disorder associated with significant morbidity and mortality. Various forms of sexual dysfunction occur in men with DM, including disorders of libido, ejaculatory problems, and erectile dysfunction (ED). Erectile dysfunction is defined as the persistent inability to achieve or maintain penile erection sufficient for satisfactory sexual performance [1] . With a reported prevalence of 35 to 85% [2, 3] , ED is one of the most common complications of DM. In the Massachusetts Male Aging Study [4] , the age-adjusted probability of complete impotence was three times greater (28%) in patients with treated diabetes than in controls (9.6%). In addition to its higher frequency, ED also occurs at an earlier age in the diabetic population as compared with the general population [3, 4] . Erectile dysfunction is associated with grave psychosocial and clinical consequences including depression and poor quality of life [5] . In fact, there is a vicious cycle between ED, depression, and glycemic control [6, 7] . Poor glycemic control is associated with both microvascular and macrovascular complications in both type 1 diabetes and type 2 diabetes, thereby making ED a major issue requiring serious attention in the diabetic population. Besides, there is evidence that ED is a risk factor for cardiovascular diseases and an early marker for coronary artery disease which is the leading cause of mortality in patients with DM [8] . Despite the aforementioned clinical importance of ED in diabetic men, studies have shown that most clinicians do not enquire about sexual dysfunction during consultations and the prevalence 2 Advances in Endocrinology of self-reported ED is very low [9] . Thus ED has remained one of the most underdiagnosed yet common complications of DM. This study was aimed at determining the prevalence and risk factors for ED among men with type 2 DM in a Nigerian tertiary healthcare centre.
Methods
This was a cross-sectional survey involving 160 males aged 30-70 years who had been diagnosed with type 2 DM according to the 1999 World Health Organization's criteria. Subjects were consecutively recruited from the outpatient diabetes clinic of the Obafemi Awolowo University Teaching Hospital, Ile-Ife, situated in the Southwest geopolitical zone of Nigeria, after obtaining a written informed consent. The hospital's Research and Ethics Committee approved the research protocol. Subjects with conditions that could significantly affect penile erection regardless of diabetes were excluded. These include genital anatomic deformities, spinal cord injuries, and known or suspected chronic debilitating illnesses such as chronic heart failure, chronic liver disease, chronic renal failure, tuberculosis, chronic obstructive pulmonary diseases, and malignancy. Subjects who received phosphodiesterase inhibitor therapy in the past one month were also excluded.
A structured questionnaire was used to document relevant demographic and clinical information such as age, cigarette smoking history, and duration of DM. Central obesity was defined as waist circumference (WC) ≥94 centimeters [10] . It was measured at a point midway between the inferior border of the costal margin and the iliac crest in midaxillary line. Peripheral arterial disease (PAD) was evaluated using the ankle brachial index (ABI) which was calculated as the ratio of ankle systolic blood pressure (BP) to that of the arm after taking measurements according to a standardized method [11] . A value of 0.9 or less in at least one leg confirmed a diagnosis of PAD. The ABI was categorized as normal (0.91-1.3), mild obstruction (0.7-0.9), moderate obstruction (0.4-0.69), and severe obstruction (<0.4), while subjects with ABI >1.3 were classified as "poorly compressible" and excluded from the analysis. Diagnosis of autonomic neuropathy was made clinically using the modified Ewing criteria after cardiovascular autonomic function tests involving three heart rate (HR) tests with simultaneous electrocardiographic recording and two BP tests [12] . Subjects were classified according to the degree of autonomic dysfunction as follows: normal (all 5 tests normal or 1 borderline), early neuropathy (1 HR test abnormal or 2 borderline), definite neuropathy (2 or more HR tests abnormal), and severe neuropathy (2 or more HR tests plus at least 1 BP test abnormal or both BP tests borderline).
Assessment of Erectile Function.
All subjects completed the abridged version of the International Index of Erectile Function (IIEF-5) [13] . It is a 5-stem questionnaire that more concisely addresses the erectile domain of male sexuality and has been used across different cultures including Nigeria [14, 15] . The scores range from 0 to 25. Erectile function status of the subjects was classified as follows: normal erectile function (score > 21), mild ED (score 17-21), mild-to-moderate ED (score 12-16), moderate ED (score [8] [9] [10] [11] , and severe ED (score < 8).
Laboratory Evaluation.
After an overnight fast, 10 mL of venous blood was obtained from each patient via a sterile venipuncture between 8.00 and 10.00 a.m. and shared between a plain bottle and one containing ethylenediaminetetraacetic acid. The anticoagulated sample was used to analyze glycated hemoglobin (HbA1c) (boronate affinity chromatography, in2it, Bio-Rad Laboratories) and lipids (spectroscopy technique, Lipid pro6, Infopia Co., Ltd.). Subjects with HbA1c <7% were regarded as having good glycemic control. Dyslipidemia was diagnosed if any of the following was present: total cholesterol >4.5 mmol/L, low density lipoprotein >2.6 mmol/L, triglycerides >1.7 mmol/L, high density lipoprotein < 1.1 mmol/L, or non-high density lipoprotein >3.4 mmol/L. The clotted sample was centrifuged at 3000 revolutions per minute for five minutes to extract the serum. This was stored frozen and used for measurement of total testosterone by enzyme-linked immunosorbent assay technique (Fortress Diagnostics, United Kingdom). Total testosterone concentrations <8 nmol/L, between 8 and 12 nmol/L, and >12 nmol/L were defined as low, borderline, and normal, respectively, according to expert recommendations [16] .
Data were entered into a personal computer and analyzed using the Statistical Package for Social Sciences version 17.0. The data were summarized using descriptive statistics such as tables and graphs as appropriate. Discrete variables were represented by frequencies and percentages, while means and standard deviations were used for continuous variables. The Chi-Square test was employed to analyze discrete variables for association with ED, while continuous variables were analyzed using Student's -test. To test for independent determinants of ED, all the variables that showed significant association with ED at the univariate level of analysis were subjected to a stepwise (backward) binary logistic regression to compute their odds ratio and confidence intervals. Statistical significance was established at < 0.05.
Results
152 out of 160 subjects completed the study, giving a response rate of 95%. One person had an ankle brachial index >1.3 and was excluded, while 7 subjects did not complete the study.
Sociodemographic and Clinical Characteristics of the Study
Population. Table 1 shows the baseline characteristics of the subjects. The mean age was 60.3 ± 8.8 years and mean duration of DM was 6.0 ± 4.2 years. Central obesity was present in 50.7%, while 63.8% of patients were hypertensive. The majority (84.4%) of the participants were on oral hypoglycemic agents and over half of them (56.6%) had poor glycemic control (HbA1c ≥ 7%). Early, definite, and severe autonomic neuropathy was observed in 27.6%, 13.2%, and 10.5%, respectively, while 37.5% had low testosterone concentration, <8 nmol/L. 
Prevalence of Erectile Dysfunction in the Study Population.
Of the 152 men who completed the study, 108 (71.1%) had varying degrees of erectile dysfunction. The erectile function scores of the subjects are presented in Table 2 . Table 3 shows a comparative analysis of the sociodemographic, clinical, and laboratory variables between the participants who had ED and controls. Subjects who had ED were significantly older than control subjects (mean age of 61.8 ± 7.7 years versus 56.6 ± 10.2 years; 0.001). Waist circumference ( 0.586) and systemic hypertension ( 0.252) were not significantly associated with ED. Subjects with ED had a longer duration of DM (mean: 6.7±4.4 years) than those without ED whose mean DM duration was 4.4±3.5 years ( = 0.003). Peripheral arterial disease, autonomic neuropathy, poor glycemic control, and testosterone deficiency were all significantly associated with ED ( < 0.001, resp.). The mean HbA1c of the subjects who had ED and the controls was, respectively, 8.0 ± 1.9% and 6.8 ± 0.8%.
Associations of Variables with Erectile Dysfunction.

Independent Predictors of Erectile Dysfunction.
Following a stepwise (backward) logistic regression of the studied variables, duration of DM ( 0.024), peripheral arterial disease ( 0.016), poor glycemic control ( < 0.001), and testosterone deficiency ( < 0.001) were found to be significant independent predictors of ED in the study population (Table 4) . Autonomic neuropathy became significant ( < 0.001) only when duration of diabetes was removed from the regression model. This was explained by a significant collinearity between duration of DM and autonomic neuropathy with Spearman's correlation coefficient of 0.69 ( 0.01).
Discussion
Nearly three-quarters of the participants in this study had varying degrees of ED. This has confirmed that ED is indeed a common complication of DM as had been severally reported [3, 14, 17] . Few authors have however reported a lower prevalence of ED in men with diabetes. In a study of 96 men with diabetes at Lagos, Nigeria, Ogbera and Adedokun [15] observed only 34% prevalence of ED. Similarly, a multicentre study involving 9,756 diabetic men in Italy documented a lower prevalence of 37% [18] . These divergent prevalence rates may be accounted for by differences in the populations studied including but not limited to population sizes, demographic characteristics, duration and severity of diabetes, and presence of other confounding comorbidities. Nevertheless, most authors agree that ED is not only a common complication of DM, but it is also frequently underdiagnosed. This high frequency of ED in men with diabetes is worrisome owing to the profound negative impact of ED on the quality Advances in Endocrinology 5 of life of diabetics which in turn adversely affects diabetes control [6] . Poor glycemic control is associated with nearly all microvascular complications in type 2 DM, thereby making diabetes-related ED a major issue requiring serious attention. Subjects who had ED were significantly older than controls on univariate analysis. Increasing age has consistently been shown to be a significant risk factor for ED both in the general population and in diabetic cohorts [4, 6] . Aging is associated with a decline in several organ functions including cognitive, cardiac, hepatic, and renal functions and erectile function may not be an exception. Several of the well known risk factors for ED such as hypertension, hypogonadism, and atherosclerosis are also commoner with increasing age, and diabetes on its own increases the risk of developing many of these risk factors. On regression analysis, however, after controlling for these other risk factors, older age failed to be an independent predictor of ED (adjusted OR: 1.17; 0.063). This suggests that older age may be acting indirectly through other risk factors for the development of ED in the diabetic subjects and this underscores the importance of controlling these other risk factors since aging is not modifiable.
Although cigarette smoking is a well recognized risk factor for ED in diabetics possibly through the acceleration of atherosclerosis which is the main pathogenic pathway for vasculogenic ED [17] , this was not the case in our study. The reason for this finding is unclear. However, this might be related to the relatively small number of subjects who had ever smoked cigarette actively (26.9%) in our study population. The use of questionnaires to assess smoking may have a social desirability issue that may diminish the association between smoking and ED. Moreover, though the proportion of current smokers was not assessed in this study, it is likely that a significant number of those who smoked might have quit the habit owing to continual campaign against smoking as part of lifestyle modification education programs in our diabetes clinic, coupled with the increasing level of poverty in Nigeria. A large prospective populationbased study in the United States had demonstrated that former smokers were not at increased risk of ED compared with nonsmokers, suggesting that the impact of smoking on erectile function wears off with time following cessation of smoking [4] . Whether this influenced the finding in our study remains to be elucidated.
A longer duration of DM was found to be an independent risk factor for ED (OR: 1.14, 95% CI = 1.02-1.28, and = 0.024). We observed that each 5-year increment in the duration of DM conferred a 14% increase in the risk of having ED. This finding had been demonstrated in many other studies [2, 3, 14, 17, 18] . It is commonly known that many of the microvascular and macrovascular complications of DM increase with a longer duration of DM. It is therefore not surprising that the prevalence of diabetes-related ED which is mostly neurogenic and vasculogenic in etiology increases with a longer duration of DM. Other risk factors for ED such as poor glycemic control and testosterone deficiency have also been shown to be worse with increasing duration of DM [19, 20] .
Hypertension is a well established risk factor for ED in the general population [1, 4] . Similar findings have also been reported in the diabetic population [17, 18] . This is not an unexpected finding since hypertension is closely related to the development and progression of atherosclerosis. In contrast, however, our study failed to show a significant association between hypertension and ED. Other investigators had also previously reported similar findings [14] . It has been suggested that the association observed in other studies may be due to antihypertensive medications rather than hypertension per se. Several antihypertensive medications have been linked to ED in the general population. The major culprits are thiazide diuretics, beta-blockers, and centrally acting drugs such as alpha-methyldopa. The probable impact of these medications on the finding in this study remains obscure.
This study demonstrated that the presence of PAD in persons with type 2 diabetes increases the risk of ED nearly fourfold. Peripheral arterial disease is a term used to describe occlusive and aneurysmal disease of the aorta and its branches excluding the coronary arteries [21] . It is a well recognized complication of DM in which it is usually more extensive and severe [22] . Diabetes accelerates atherogenesis leading to microvascular and macrovascular complications. The commonest clinical presentation of PAD is lower limb claudication [21] . However, this is a poor indicator of the presence of PAD as it may not develop until decades into the onset of the disease and may never even develop at all. Erectile dysfunction secondary to PAD often precedes the development of the classical symptoms of PAD by several years owing to the smaller diameter of penile arteries compared to the femoral and popliteal arteries. Atherosclerosis of the penile arteries has been shown to be a risk marker of generalized atherosclerosis and ED is now known to be an early sign of cardiovascular diseases including 6 Advances in Endocrinology coronary artery disease [8, 23] . Virtually all the participants who had moderate arterial obstruction and majority of those who had mild obstruction in this study had ED. Conversely, 44.4% of all the subjects who had ED suffered from PAD compared to 13.6% of those who did not have ED giving a ratio of more than 3 : 1. This lends credence to the close relationship between PAD and ED in diabetics.
Presence of autonomic neuropathy was associated with a threefold increase in the risk of ED on multivariate analysis. This finding is consistent with earlier reports which had established a close relationship between autonomic neuropathy and occurrence of ED in diabetics [24, 25] . Penile tissues are innervated by autonomic nerves which mediate both penile erection and semen ejaculation. Diabetes is one of the commonest causes of autonomic dysfunction which may even precede the diagnosis of type 2 DM. The pathogenesis of diabetic neuropathy is likely to be the same as the other diabetes complications, namely, neuronal dysmetabolism, leading to the formation of sorbitol and advanced glycosylation end products, oxidative stress, and microangiopathy of the vasa nervorum.
Of all the variables that were evaluated in this study, poor glycemic control was the most efficient independent predictor of ED (OR: 7.12, 95% CI = 2.49-20.37, and < 0.001). Our study revealed that patients with poor diabetes control (HbA1c ≥ 7%) were at least seven times more likely to suffer from ED compared to those who have good glycemic control. This finding is consistent with those of many other authors [3, 17, 18, 26] . It is noteworthy that a couple of studies had reported no significant relationship between glucose control and ED in diabetics [27, 28] . Sustained hyperglycemia is a well recognized risk factor for nearly all diabetic complications. Although the effect of improving glycemic control was not investigated by this study, our findings strongly suggest a possible beneficial role of optimizing glycemic control in the prevention of ED in persons with type 2 diabetes and this area requires further evaluation.
We observed that subjects with ED had a significantly lower testosterone concentration than those with normal erectile function ( < 0.001). Furthermore, subjects with low testosterone, <8 nmol/L, were at least six times more likely to have ED. Kapoor et al. [29] had similarly reported significantly lower levels of both bioavailable testosterone and free testosterone in diabetic men with ED than in those without. Evidences such as these support the notion that androgens have a beneficial role in erectile function. Nonetheless, the role of androgens in the erectile process is not entirely clear and it has been reported that androgens play no direct role in penile erection [30] . However, there are many more animal and human studies which showed that androgens play important roles in penile erection [31] [32] [33] . Testosterone has been shown to regulate arterial flow and vasodilatation and nitric oxide synthesis and stimulates libido and the transmission of signaling in the spinal cord [31] . About a decade ago, a meta-analysis demonstrated that about a third of men with ED have androgen deficiency and concluded that androgen deficiency adversely affects penile erection [32] . Moreover, testosterone therapy in hypogonadal men has been shown to improve both libido and sexual performance [33] .
The European Association of Urologists (EAU) and British Society for Sexual Medicine (BSSM) recommend that all patients with ED must undergo testosterone measurement before initiating treatment for ED [34] .
Neither total cholesterol concentration nor any of the lipoprotein fractions (HDL, LDL, and TG) was significantly associated with ED in this study. This finding is consistent with two large population-based observational studies which reported no significant association between the circulating lipid levels and the risk of ED and concluded that although dyslipidemia is common in diabetics, it has no significant role in the pathogenesis of diabetic ED [3, 35] . An Italian study however reported a significant association between the so-called diabetic or atherogenic dyslipidemia (low HDL and high TG) and the risk of diabetic ED and concluded that this may be a result of the fact that both features of atherogenic dyslipidemia are components of the metabolic syndrome which has been shown to be a risk factor for ED [17] . Although we did not specifically evaluate for atherogenic dyslipidemia, we observed that the prevalence of dyslipidemia in this study was generally low and this may not be unrelated to the routine use of lipid lowering drugs (statins) in our centre. Furthermore, we found no association between ED and non-HDL cholesterol (TC-HDL cholesterol) which is generally considered to be a better predictor of cardiovascular risk than the concentrations of individual lipoprotein particles. Measurement of apolipoprotein-B (apo-B) would have helped to further elucidate the relationship between lipids and ED in this study. Unfortunately, such facility is lacking in our centre. This area therefore needs to be explored by other researchers in this subject.
Conclusion
In this small population of men with type 2 diabetes, a high frequency of erectile dysfunction was observed and this was of moderate-to-severe intensity in over half of those affected. The study also demonstrated that the risk factors for ED in the diabetic population were largely modifiable including poor glycemic control, testosterone deficiency, peripheral arterial disease, and autonomic neuropathy, while a longer duration of DM was noted as an important nonmodifiable risk factor. Based on these findings, we recommend that periodic assessment of erectile function should form part of routine diabetes care, focusing attention on the modifiable risk factors as this may go a long way in preventing ED, delaying its progression, or reversing established ED in persons with type 2 diabetes.
The limitations of this study include its cross-sectional nature which does not permit inference on cause and effect, lack of control group, and inability to measure free testosterone owing to financial constraint. Our inability to evaluate the effect of antihypertensive therapy on erectile function also constitutes a limitation requiring further evaluation. Finally, this study was conducted in a small population of men with type 2 DM being managed at a tertiary healthcare centre. Thus the study population may represent those with more severe or advanced disease rather than the general population of men
